Objective: There is increasing evidence that in healthy populations, breast-fed infants are leaner than formula-fed infants. It is of interest to know the effects of breast-feeding on infant weight in case of maternal diabetes, given the high incidence of fetal macrosomia and risk of childhood obesity in this population. Design and Subjects: As part of a nation-wide study in the Netherlands on diabetes and pregnancy, 229 women with Type 1 diabetes were sent a questionnaire on weight and height of their infant, the type of nutrition given during the first 6 weeks of life, the duration of lactation and intercurrent diseases during the first year of life. Results and conclusion: Our data show no significant difference between breast-,formula-, and mixed-fed infants in weight and body mass index (BMI) at 1 y of age, which is not in accordance with the findings in nondiabetic populations. Sponsorship: Novo Nordisk Farma BV, Alphen aan de Rijn, the Netherlands and the Cornelis Visser Foundation.
Introduction
Many studies on the effect of breast-feeding on infant weight have been performed in healthy populations (Butte, 2001; McVeagh, 2002; Dewey, 2003) . There is increasing evidence that breast-fed infants of healthy women are leaner compared to formula-fed infants and the current idea is that breast milk lowers the risk of childhood obesity (Dewey et al, 1993; von Kries et al, 1999; Armstrong & Reilly, 2002) .
Children of mothers with diabetes are at risk of developing obesity (Pettitt et al, 1983; Plagemann et al, 1997; Rodrigues et al, 1998; Lindsay et al, 2000) . Whether this risk is due to fetal programming because of the altered intrauterine environment or to early postnatal nutrition is unclear. A recent study by Plagemann et al (2002) shows that breast milk of diabetic women given during the first 7 days of life increases the risk of becoming overweight at 2 y of age when compared to ingestion of donor breast milk of healthy women. We studied the effect of breast milk given during the first 6 weeks of life on body weight in children of mothers with Type I diabetes.
Subjects and methods
In 1999-2000, a nationwide prospective study on pregnancy in women with Type I diabetes was performed in the Netherlands (Evers et al, 2002) . Participants were asked to give consent to be contacted again after pregnancy. In 2002, the participants who gave consent and who gave birth to a live healthy infant after 28 weeks of gestation (n ¼ 229) were asked to report the weight and height of the infant at 12 months of age, the type of nutrition given during the first 6 weeks of life, the duration of lactation in weeks and intercurrent diseases during the first year of life as noted in the booklet of child health centre visits. Other data such as gender of the infant, weight and height at birth, gestational age at birth and maternal demographics such as age, level of education, religion, HbA 1c during pregnancy, duration of diabetes, pre-pregnancy BMI and White-classification (White, 1974) were taken from the medical records used in the nationwide study. The White-classification expresses the severity of diabetes during pregnancy and is based on the age of onset and duration of the diabetes and the presence of complications such as nephropathy and retinopathy (White, 1974) .
Infant bodyweight was expressed as weight (g), BMI (kg/ m 2 ) and standard deviation from mean weight corrected for age and gender. Macrosomia was defined as weight X2 s.d. from the mean corrected for age, sex, parity and race.
Data are expressed as mean7standard deviation. Differences between the groups were analysed using one-way ANOVA and w 2 -statistics. For evaluation, Po0.05 was considered significant.
Results
A total of 193 women (84%) responded. Three women were excluded because of missing data, six because of multifetal pregnancy (five twins, one triplet), 11 because of preterm birth (o37 weeks) and 32 because of intercurrent diseases of the infant that could have had an effect on the growth pattern during the first year of life. The final number of participants was 141. There was no significant difference in maternal age, level of education, religion, White-classification, HbA 1c -level, prepregnancy BMI, gestational age and weight of the infant at birth between these final participants and those who were excluded or who did not respond. Three groups were formed depending on the type of nutrition that was given to the infant. Group A: breast milk (n ¼ 39), Group B: formula milk (n ¼ 43), Group C: breast milk and formula milk combined (n ¼ 59). There was no significant difference in baseline maternal and infant characteristics and infant birth weight between these groups (Table 1) . Figure 1 shows that there was no relation between duration of breastfeeding (weeks) and infant weight gain (g) in the 98 women who breastfed for at least 1 week (r ¼ À0.17, P ¼ 0.08). Figure 1 Relation between duration of breastfeeding (weeks) and weight gain (g) during the first year of life in the 98 women who breastfed their infant for at least 1 week. Pearsons correlation coefficient r ¼ À0.17, P ¼ 0.08.
Effect of breast milk of diabetic mothers on bodyweight of the child A Kerssen et al Table 1 also shows mean weight and BMI at birth and at 12 months of age. There was no significant difference in weight and BMI at either of these time points. Mean absolute weight gain during the first 12 months of life was 611871066, 615171042 and 654671283 g in group A, B and C respectively (NS). Percentage of children with macrosomia at birth was 31, 33 and 31% in group A, B and C, respectively (NS). At 1 y of age percentage of children with macrosomia was 0, 0 and 3% in group A, B and C, respectively (NS).
Discussion
In contrast to studies performed in healthy populations (Dewey et al, 1993; von Kries et al, 1999; Armstrong & Reilly, 2002) , we found no difference in weight or BMI at birth and at 1 y of age in infants of diabetic mothers regardless of the type of feeding during the first 6 weeks of life. We chose 6 weeks (and not 6 months as recommended by WHO) as the cutoff point for the duration of feeding based on the results found by Armstrong & Reilly (2002) . They saw, in a study of 32 200 infants of healthy mothers, a reduced risk (OR 0.70, 95% CI 0.61-0.80) of being overweight at 39-42 months of age in infants who were breast-fed for 6-8 weeks compared to infants who were never breast-fed (Armstrong & Reilly, 2002) . Our results are not in accordance with the results of this study and indicate that breast milk of diabetic mothers possibly has a different effect on infant weight as breast milk of healthy women. This is in agreement with the results of the only other study on breast-feeding in Type I diabetes where Plagemann et al (2002) found (in 118 infants) that early ingestion of breast milk of diabetic mothers increases the risk of becoming overweight. The reasons for such overweight may include higher glucose levels in breast milk and especially higher insulin levels in milk of women with diabetes (Butte et al, 1987; Jovanovic-Peterson et al, 1989; Neubauer, 1990; van Beusekom et al, 1993) .
